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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a surface- 
emitting semiconductor laser which can operate at a 
high speed of >10 Gb/s and an optical module. 

SOLUTION: The surface-emitting semiconductor laser 0 » 

has at least an active layer area 105 which generates 
light, a current constricting area 107 which is arranged 
on one side of the area 105 opposite to a semiconductor 
substrate 102, an optical resonator which is constituted 
by sandwiching the active layer area 105 and current 
constricting areas 1 07 with reflecting mirrors from the 
top and bottom sides in the direction of lamination of 
semiconductor layers, a first electrode provided on the 
substrate 102 side of the current constricting area, and 
a second electrode provided on the side opposite to the 
substrate 102 on the semiconductor substrate 102. The 
laser also has a semiconductor layer area having a 
laminated structure, which can generate two- 
dimensional carriers between the current constricting 
area 107 and the second electrode. 
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t» *nwmc*^Ttt, i o QW«<o*?jasi*ias 

[0 0 4 5] 4WHBO«£fiic«v^Tid:, 
[0 0 4 6] -7?, K-^JIlC«t«)tOKlR** 

±Kmiz%&teits mm h'-fm&zmmmcmv 

[0 0 4 7] *nfMBIc«^T. *6fc**4«b**fl 
SfCtt, -**U7«*Ns CkJV 

A 1 G a A s/G a A s ©Sffit, g$lJ^lli©^V^, - 
«fcLT*U«>AW>^A«* (GalnAs) ft 2! 
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&7Z* J rV7<D3-*>*)\'® OP*) ZM±T>%, «>- 
h 'J 7«SNs Cfc^T**. 0 5 

1 2tt*«fiK-e>^«, 1 1 3»ffiWfEK-kr>y 

So 

[0048] cn«TK5E'<fcKjS*** , rntf, *n 

SMBfi. SSI fzmJMT©E5gftl'— iflBSCteVTt 

tl^feflDfr&aifftS&HtffcSo tH*l& A 1 SAffl 
$©Kt/>A 1 G a A s-^A 1 G a I n PHtfjlLT(^ 

[0 0 4 9] H8Bft%3?a-A'OflttH&B*'r B 0 9 

JSH^To H8RtfH9lCfet'»T» 3 0 1 
iSflfiJBIBBW «f«B» 3 0 2t±lx— WHBlEB, 3 
0 3 3 0 4 ttSJfcHS^eftiaK, 3 0 5(i 

ftftS-&3*ttl5@B, 3 0 7ttJfr7 7-0*-T?a53. ffi 
SBfcSl'-lf SB 3 0 1 Rtf 5fofc*f 3 0 3 Hi. 3 

fiflittf, &BMll3&&£li* ftffiilttlcBtt (3 0 
8) *tlTV»*. S^O&eiS 10, 3 1 Hi. 

[0 0 5 0] ±5iB»)tU-m *f!Ka 

to*5o J!C, /J^!*oiM6ftlaI»T?3l{?*B«T*c 

e»lalB©-9--fXt/hS<ffi*So ioT, >fces>a- 
kfc» ffi3*Mfclc*«!rTfc5. 40 

[0051] me, *W»Ho«*3tt ; e^a-;Wi» ffi 

[0 0 5 2] W±©a&*tt» et£j£^fc<fc5fcx gftJf 
#T»**B*WfcBftfcSttBH*k -flJkLTGa 
g£i£&3 0 50 
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[0 0 5 3] & H9O5t->Xf-A<0HTtt, 0*©£ 

ttit, ¥»i*u-if«Hi<wttai*«ii:, sxa&mmv 

<«E©H«S0f&» 1 >*B<DJ&«09 1 LT, #K8 

3, ±mmm4\z7fiLrcm>)T-%5o 01 oicwmx 

[0 0 5 4] B»ttU-1fB3ft0fl«fc*lr>Ttt, »« 

©m©^t>g*Jb^tE£#^xe**->-(MB E) 
^*«^fl#**SJfcR(MOCVD)j£, fk^e-A 

x^^>-(CBE)j*«*«3ibT^*. sfc, rsi±jf 

EG a I nNAs^fflt^i^lt (N) 

T*t>, ^EkE^/cMB Ejfr^MOCVDS, CBES^ 

S-MBE : Solid S t a t e -Mo 1 e c u 1 
ar Beam E p i t a x y )}£ k Lfc G S — M 

besw 1 1 imjxMomtMtLx* #y*£ 

(Ga) , -fVS^A (I n) V$OTjS<D#y& 
jgkLT, at* (As) tlBLTtt^SAs^ffl^fco 

tf» pSWMttfcl/CSy U^A(B e)^ffiiS (Zn) 
*fli^Tt»fiV\ g* (N) JCOl/^T«N 2 **7.*RF 
(Radio Frequency) T^XvI&gLfc 

g* (n) 9s^*/i/*«fflLfc. mm-fvx-vcD 

®^l±, -^O-ftfetC ECR (Electron Cycr 
otron Resonance: W?-^^ ^nhny 

[0 0 5 5] 01 0© (a) £#Krr3o iNMclSSH: 
nlGaAs (100)S«102 (nMK-t!^^«g 
= 2X10" cm" 3 ) fcffl^fc. A siilKJjV^T, 
»K*ffiaL/fc«, 3S«±£nl! A lAs/GaAs 

(nS?F«ftB«= 1 x 1 0" cm" 3 ) fc«fc£Tgltt>¥ 

wft^sfisi^i o 3*3 ommmmtZo w, a i 

As/GaAsli> A 1 A-s Jifc G a A sBkOSMI* 

5o *obuh4» ; en^n^#4'T-i/4S«p£4 

^ l/2»fili©y>K-^G a 
AsSBlX^— 9--B1 0 4, f?10nm 
Cty^F-yG a... I no. 3 No. o. A so* ©¥JIM^ 
e.^SS'ttSl 0 5, l/2^SP©yyK-7 p G a A 



(9) 

15 

■fk 1 a s±®m$m.mm 1 0 7 ©ratios us. 

[0 0 5 6] «^T, to»Tfe*«W»OW««IJft*4 
"f A 1 GaAs/GaAs^ftSliF-yil 1 1 

V^U 1 3£LTJf£2 5 nm©/;/ K-7G a As 
1, HiifiK-try^gl 1 2 i:LTjf* 5 nm©p§y 
A 1 GaAsI (pIF-Ky^IS=l x 1 o" cm 
" 3 ) ZmWc W % A 1 G a A s gtiStt&A 1 fflfiiclJ 
3 0%£Lfc o CtttioT, A 1 G a A s/G a A s 10 
ffiBtttv 2^7tiE?L**X<D^+>^;l/*^fiE^n-So 
*^P3K-tr^^O«ii«2 0@»»)jgbT»ib^. 
•I^T, piGaAst44S3X'<- 9"— S 1 0 8 
(pHH-lf>^B= 1 x 1 0" cm" 3 ) *B&? 
5o 9--S1 0 8©8&Pti, SWK-:/ 

«Bfi*^*i>fe^ttOIWP^ 1 / 2 ft5JP<DBftfitc% 
5i3fcH8Lfc. X&lc, />¥—•/ A 1 GaAs/ 
GaAsKJ:«±aW)i|s»i*^BB|Ka:5S«ail 1 0 

©¥#{*£H&f<:fcS£l*& 1 1 0 ©A 1 G a A s It 20 

[0 0 5 7] «l^T* aSLft^ilti^i/MuSL, 
Ht->'j3y (S iOOIl 2 0*£ffifc3K»U * 
0© (a) T*&3„ 

[0 0 5 8] cn*VX^««lcLT, AlAs±gP« 
SgMIl 0 7©ST$T^-9-x-y^y^fra (Hi 
0© (b) ) o 30 
[0 0 5 9] CCT, xyf-y^attLTtt, 
(HBr) :®^{b*^zK (Hi OO :*(HiO)fc 

£T, ^X/\£4 0 0°ClCl}Um?Z>HtT\ A 1 A s± 
IPMKVff 1 0 7<D9ffim& 1 2 K 122tfAlx 
OylfellUcSfbLfc. ChtiD, m&tffSnmV) 
Trt-f-V-toffllltt&K&tfLZtilt (Hi 0© 
(c) ) „ 

[0 0 6 0] *©H, S 1 OiRl 2 O^liU *b 40 
IS^^T, ±SB*S»^S^S^1 1 OOlfflt, 
S3*^~9--» 1 0 8it±fPXyf->yKTl»afeU 
(Hi 00 (d) ) . 

COO 6 1] *xy^>yxBTO»«»)*rt±S 

08©MIC, l/4jggj?<D7;l/5x»>A^U 
<*l±4-S*J*jLm (A 1 G a I n P) 

#Rp«l±fflfl|«l 0 9 (HI 0© (e) ) „ nflJlTSP 
Ml O lfcJMtb (HI 0© (f ) ) , BiSBfcu— If 50 
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gSi:LT^fiJcLfco W % Hi o©0te«\ 

vi->?*m^(ox\ a&QtwBWfiB 3 jctw^ t 

ttfcv\, K^-Yx-v^v^fflt^d^T, H3 

mens* tfcWffi tract©*, satis* ct^a* 

[0 06 2] C©J:5ELTfflHSnftiBH»U— «fS 
fitt> 5£3Ijfc£ 1 . 3 jim, gCffiWSEO. 1 mAT^SK 

SMHSttB:* 3 0GHzfcfcl^Tt>fi#T*ofco 
[0 0 6 3] ttl^Tx ** ; ?*flft , 'T\ H8t^-r^ 

[0 0 6 4] *H»^KJ:S3tS/^7 t Att«iftjS»*^ 

«t % ?S14BTOi:LTtgfi1f14©a 
MalnNAs^fflWSctt,, ^©— HT*fc 
5« #?ft«i$©#9$?>t>W<, *lfttt37 

U— f©Jg$t#{4<, ?S14Jf©&T 
tf±Cfc<ir\ cfcoT, t£*©tt*S/*a-;l/titiKLT 

<RW©HJt©JB» 2 >%qS©Htt©^lfi0l 2 £ LTs 

*i6Wfc «t tf5xg$E& ufc ffi^t p— «f mm<o 

lt^Lfcjit)T'^5o 

[0 0 6 5] **?«Jfi©tt»(fcttMOC VDjJ*ffll/> 
lCT, I I \ m.nMX'h^>Gz. I n©d^iet 

i/r, f nf nsiiio h 'jxf -jact e 

G), hU^^;W>->*^A(TMI)*ffit,\ VSl^ 
•P**As©fl«eaSfctTx AsH**ffl^fc 0 $fc, 
n^^tltLT^^y (S i H<) , pH^ttftfcL 
TCBr.«ffl^ft. N©^jgtLT«, *J**fr\L 
Y^i/y (DMHy) *^fflLfc 0 

[0066] imtzy-mfommtnmG a a s ©( 1 o 

0)ffi©8ffi (nSPFf^itfi= 1 x 1 0" cm" 3 ) 2 
0 2*ffil^£ o AsH»©#t|&T©As^fflSCfcfe^TS 
«*#?SL, 3Sfi*#HBLfc&, atS±fcnSA 1 A s 
/GaAs (nS^«S= 1 x 1 o" cm" 3 ) tj: 

%-f®co*mtii&mmfcitzmi8L2 03*3 os^s 

Ga AsSt^:i>mi©3^-^-l2 0 4, 

1 0nm(D/'>K-7 , G a>. 7 I no. 3 No. « A so. 
* OffFI, JP£ 1 0 n m©/ y K-^G a A s 

I»tt3i:lft. «V>T, l/2»fiJP©/>K-yG 
a A s git 2 9-1 2 0 6, JP£ 1 0 nm©n§y 
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(DG a I n Pfr6&*«j*R^02 0 7*J£j£Lfc 0 
[0 0 6 7] ttl^T, *H»W*to»Tt»»r»*il 
ilT-fcSA IGaAs/Gal n A s /Q a A s fr£>ft 

zmmv-irmi 1 i*«jfut. awK-7ji2 i 1 

fc*W-*ffi»fiK-e>?Jl2 1 3^LTJP£5nmcD 
yyF-^GaAsIti25nmO/>K-^Ga I 
nAs»oaJi«JBi:U *«JSH-t?>yji2 1 2£L 
TP?5nmcDp§L J A IGaAsI (pSF-e^H 
S=1X10 B cm" 3 ) *JBV>fc„ AIGaAsI 
fcfettSA 10ffljS«4O%fcLfc o cntioT, ± 10 
fcLT Gal n A sBrtC2^7t;(OiE?LA*XJi:<t5^ 

6@ll9jfiLT«JiL;fc. H^Ts P iyGaAsm3X 
"C— 9--12 0 8 (pSK-t!^ySg= lxio'c 
m" 3 ) <D-gP£JE;$LT, -@i©teSrit«XS*»7 

[00 68] ^(tnOfctJffiLfc^x^fcftU *M 

*-»jB/s©fc«>, ^sik-7°M2 1 1 tmm&mz 

0 6*H»f>ytJ:DftSLft. 20 
[0 0 6 9] CCT\ St/^x/N^^SgSrtESIA 

U l/2»fOpSGaAs5B3^-t-l2 0 8 
(p§UK-£y**Sg= 1 X 1 0" cm" 3 ) »£L 

fc„ (Sk 7/<-f-+-gP£*»*aStt 1 0 0 nmgft 

fco ft&lc* S>Y-7k 1 A s/G a A s fc±*±S& 
¥»ft£fili£l*Si2 1 0*2 5jqffiflWU ISAj£ft 

ICS i Oi^ifeffiKSaiU * hXSlcTF3$ttlcs<£ 
MEI^2 1 0©MfflJ£, S3^— 9--12 0 8S± 

2 1 0 i:^3^^— 9— B2 0 8OF^t, 1/4&SJP 
OA 1 G a I nP^S^5x-y^y^Xh^7°l*HX 
LTtJ;V\ lit, , J>'^«pilO±gP^2 0 9, 
nfflj0T»**2O 1?MU H7-£LT5S$Lfco 
[0 0 7 0] COJ:dlCbTff«!Snfcai563tU— «fS 40 
Ml*. 9&m& 1. 3 tm, HfiUffiO. 1 mAT'IiSKfe 

■M$tt0\ 3 0GHztCfeV^Tfe^T'Sofco 
[00 7 1] ^, JS3^— 9--«2 0 8fcp«Wi2 
0 9 HOSMBtlfrfcffiS?- Sfcfcfc, SB 3 X"?— fr-M 
2 0 8 figfimt, CBr.t £ (C ) H— 

[00 7 2] **?*fl!^T, 08t^t^^i-;l/ 

ktfffi*fc D HSWMio»^4:ra«K:, fro, 50 
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[0 0 7 3] *HMfWT?a\ ?£1£Jf£LTGa I n N A 

2 n t <DT*« ft < , &»Bi3g)t¥*tt u— 
t^ili:«5ctai^ft§K Mil Ga 
A s S blZ£~<Dtin*m^Tt>. 1 . 3 /i m?ff cDffiflft 

I'-vmwzmmtzct.tf^smT'&Zo tit. tn&L 

1 G a A s 5if*ffl^Wf, 1 n m&CFOmcftLTti 
fcitttfjSBkfc!), &5l /£m£TF<Dlifg#U— *ftc 

fcmtzzt&vim-e&Zo jz/wlm (i n 

P) *K±fcfe^Tfc» 2&7C*+'J7#J&igT*#5& 

^cttmmtn^ 0 fnti^t, sunn?, ao, 

[0 0 7 4] BLL, **»«K*t,oT^LTtt9ibfc«J: 

n.%&wm®*mtuT>mw. t mm t mrnz tutwrnt* & 

[0 0 7 5] 

0^ii, ^i^tf, i oGb/sw±o*is»^*3tjaai«ni 

[0 0 7 6] *K»WlcJ:ntf» iOaillifWBjtlft 
[0M£Dffi*ft|ft^] 

[^1] 0 ni, ee*c^5/xrA©fw%^r«mssi^ 

[0 2] 02 a. ii«3fcu---*fttlt©fie*fi«%^Wii 

0T'^5 O 

[03] H3ti, *m%m<Dw?m\s— mm<om^ 

[04] 04 ^ *msm<r>wfflti'— vmw<Dm*7rs 
■r±®0T'^5o 

[05] 05 ^ g.m\ : -7m<om%&mz*?mw® 
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[06] 06a, *m%mfo£%$m} ! -7m(Dmmt 
[0 7] ®7 a, *wmwiz£%mm\ ; -7m(Dmmt 

[08] 08K, K : £i?3.->lCDmZ*t®%imT*& 

[09] 09 a, KisxTKm\**tm&mmT*h 
[01 o] 01 o«, immnvmRKis— *fmw<Dm 

SlgcOM%^t»rffi0Tfe5o 10 

[0 1 1 ] 0 1 ni, *m¥zmv>M%ytu— yrmmom 

^J^t»i®0T'SSo 

imv>mm 

1 0 1 : T®n®, 10 2: ¥aSftStg, 1 0 3 : TS$ 

<D%>mmjx.%im, 104:11^: v—m. 105: 

1 0 6 : fg2X^— 9--S, 10 7: «^ 
R*J1» 10 8 : H 3 X^— 9— if, 10 9: ±8Wt 
«, 1 1 0 : ±SB©£JlffiiEtfSi, 1 1 1 : $f| K-7° 
B, 1 1 2 :i§ztgK- 113: ffiztgK- 

20 1 :TSP«@, 20 2 :*mfcm&. 2*20 
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* o 3 : T^^mmimm.. 2 o 4 : ag 1 x^—9— 
s, 205: ft&mm®. 206: ^2x-c-u--i, 

2 0 7: ®i5it&?|JI, 2 08 : m 3 7,-^— 9—®, 2 0 
9 : ±gBWi, 2 1 0 : ±SB<0£Jlgi£f-fgi, 2 1 1 : 
m®h'-7M. 2 12: ifigfiK-lfy^Jf, 213: 
ig.m&V-¥yffm, 30 1 :ffi?§ftP— (fgS, 3 0 

2 : \s-*f®m®&, 3 0 3: gftfg?, 3 0 4 : §ft 
*?K»@B, 3 0 5: ftE^a-jUrtyy-^gft, 

3 0 6: flgPIUgg, 3 0 7: ftX7-<V<;-, 401 :^ 
mWls— 9\ 4 0 2: b-lfHHHagg, 4 03: ng&g 
MS, 4 0 4: "?;l/*-x#? % 4 0 5: gftil?, 4 0 

6 : &ytm?m®®te. 407: %*s>a 

4 0 8: ^.gPHIK, 4 09: )t77^K 5 
0 1 : TSU« 5 0 2: ¥*ft«;|£, 5 03: TSB£> 

£jMtsif*k 504 :gi x^-+>--jf , 5 0 5 : s 

ftSmm. 5 0 6: H2X^-1tHI, 5 0 7: 

?Wf , 5 0 8: tfflHMJIx 50 9 : £ 3 X^—9-Jf 

±95*81, 5 10: ±gi5«@, 511: ±gpo^M)l£ 
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